TITLE OF THE INVENTION 



IMAGE SENSING DEVICE 
USING MOS TYPE IMAGE SENSING ELEMENTS 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to a photoelectric 
conversion device having a plurality of photoelectric 

10 conversion elements and, more particularly, to a 

photoelectric conversion device capable of improving 
linearity of the photoelectric conversion, further, 
widening a dynamic range by utilizing characteristics of 
transistors used for outputting signals corresponding to 

15 charges generated by photoelectric conversion elements 
and characteristics of metal-oxide semiconductor (MOS) 
transistor switches, thereby improving signal /noise 
(S/N) ratio. 

Conventionally, in a solid-state image sensing 
20 device, charge-coupled-device (CCD) type photoelectric 

conversion elements are used in most cases; however, MOS 
type photoelectric conversion elements have been 
recently developed for commercial products. It has been 
said that a MOS type photoelectric conversion device 
25 provide an image of inferior quality compared to an 
image sensed by a CCD type photoelectric conversion 
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device. However, if noise is reduced, there are 
advantages in the MOS type photoelectric conversion 
device in that it is possible to drive the MOS type 
photoelectric conversion device by the same power source 
5 with lower energy compared to the CCD type photoelectric 
conversion device, and photo -receiving unit and its 
peripheral circuits are manufactured in the same MOS 
manufacturing processes, thus it is easier to integrate 
the photo-receiving unit and the peripheral circuits. 

10 Accordingly, these merits of the MOS type photoelectric 
conversion device start attracting attentions recently. 
Currently, it is possible to reduce random noise and 
fixed noise for improving Quality of an image provided 
by the MOS type photoelectric conversion device, and 

15 there is a new demand for widening the dynamic range of 
each MOS type photoelectric conversion element in order 
to obtain image signals of a higher S/N ratio. 

Note, in the following explanation, a MOS type a 
photoelectric conversion element and a MOS type 

20 photoelectric conversion device are simply referred to 
as a photoelectric conversion element and a 
photoelectric conversion device. 

Fig. 1 is a circuit diagram illustrating a brief 
configuration of a conventional photoelectric conversion 

2.5 device. In Fig. 1, photoelectric conversion elements 1 
(e.g., photodiodes) , arranged in two dimensions, 
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generate charges corresponding to the received quantity 

of light. In Fig. 1, only 16 (=4x4) photoelectric 

conversion elements are shown for the sake of 

illustrative convenience, however, a large number of 

5 photoelectric conversion elements are usually used in 

practice. One end of each photoelectric conversion 

element is connected to the gate of a MOS transistor 2; 

the drain of the MOS transistor 2 is connected to the 

source of a MOS transistor 3 which configures a row 

10 selection switch, and the source of the MOS transistor 2 

is connected to a constant current source 7 via a 

vertical output line 6; and the drain of each MOS 

transistor 3 is connected to a power supply terminal 5 

via a power supply line 4. The foregoing elements 

15 collectively form the source follower. Reference 14 

denotes a MOS transistor configuring a reset switch, and 

its source is connected to the gate of the MOS 

transistor 2 and its drain is connected to the power 

supply terminal 5 via the power supply line 4. 

*Q In this circuit, a signal corresponding to the gate 

voltage of the MOS transistor 2 which changes depending 

upon charge generated by the photoelectric conversion 

i 

element 1 of each pixel, is amplified and outputted by 
the source follower which performs current amplification. 
- 5 The gate of each MOS transistor 3 is connected to a 

vertical scanning circuit 9 via a vertical gate line 8. 
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The gate of each reset switch 14 is also connected to 
the vertical scanning circuit 9 via a reset gate line 15. 
Further, an output signal from the source follower is 
outputted via the vertical output line 6, a MOS 
5 transistor 10 which configures a switch for horizontal 
transference, a horizontal output line 11, and an output 
amplifier 12. The gate of each MOS transistor 10 is 
connected to a horizontal scanning circuit 13 . 

An operation of this circuit is as follows. First, 

10 the photoelectric conversion elements 1 are reset by the 
reset switches 14, thereafter, charges are stored. Note, 
since the photoelectric conversion elements 1 generate 
electrons depending upon the amount of light received, 
the gates of the MOS transistor 2 are charged to a reset 

15 potential during the reset operation, and the potentials 
at the gates of the MOS transistors 2 drop in response 
to the generation of the electrons. Accordingly, a 
potential corresponding to the generated charges appears 
at the gate of each MOS transistor 2 . After the charging 

20 period is over, a signal of a pixel selected by the 

vertical scanning circuit 9 and the horizontal scanning 
circuit 13 is amplified by the source follower, and 
outputted via the output amplifier 12. 

In the above configuration, since the source 

25 follower and the reset switch 14 share the same power 

supply line 4, it is possible to down-size the circuit. 
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Further, by arranging the row selection switch 3 on 
the side of the power supply with respect to the MOS 
transistor 2, impedance of the selection switch 3 does 
not exist between the source of the MOS transistor 2 and 
5 the constant current source 7; accordingly, an output of 
good linearity is obtained from the source follower. 

Below, output characteristics of the source 
follower as described above is explained. 

In order to simplify the explanation, one 
10 photoelectric conversion element 1 and its peripheral 

circuit corresponding to a single pixel are shown in Fig. 
2. In Fig. 2, the same elements as those shown in Fig. 1 
are referred to by the same reference numerals. 
Generally, for the source follower to operate linearly, 
15 i.e., to output a voltage in proportion to an input 

voltage, a MOS transistor, forming the source follower, 
needs to operate in the saturation region; thus, the 
following condition should be satisfied. 



Vas > V gs - v tt 

where is the voltage difference between the drain and 
the source, V gs is the voltage difference between the 
gate and the source, and V th is a threshold voltage. 

In a case of the source follower having a 
configuration as shown in Fig. 2, let the ON-state 
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impedance of the row selection switch 3 be R^, and 
current flowing through the source follower be I a , then 
the drain voltage of the MOS transistor 2 is 

5 Power supply voltage - x i a ... (2) 

due to a voltage drop in the row selection switch 3 . 
Accordingly, in the equation (1) decreases, thereby a 

region for the source follower to operate linearly 

10 (called "linear operation region" hereinafter) is 

narrowed. As a result, the source follower does not 
operate within the linear operation region for every 
voltage, applied to the gate of the MOS 2, which depends 
upon the charge generated by the photoelectric 

15 conversion element 1, and the following two problems 
arise : 

(a) Input-output linearity in low luminosity 
region deteriorates . 

(b) Saturation voltage becomes small, thus the 
20 dynamic range is narrowed. 

Further, when the current flowing through the 
source follower is reduced in order to reduce the 
voltage drop in the row selection switch 3, it takes 
considerable time to charge a capacitance with a small 
25 current. Accordingly, it takes a considerable time to 
transfer signals, thus the number of pixels in the 
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photoelectric conversion device is limited when charges 
should be transferred in a predetermined period. 
Consequently, the conventional circuit is not suitable 
for operating a great number of pixels. 
5 Another example of a conventional photoelectric 

conversion device is explained below. 

Fig. 3 is a circuit diagram illustrating a brief 
configuration of a conventional CMOS area sensor. In Fig. 
3, a two-dimensional area sensor having 2x2 pixels is 
10 shown, however, the number of pixels is not limited to 
this . 

The circuit corresponding to each pixel of the area 
sensor shown in Fig. 3 is explained. In each pixel, a 
photodiode 901, a MOS transistor 911 as a transfer 

15 switch, a MOS transistor 902 as a reset switch, a MOS 

transistor 903 as an amplifier, and a MOS transistor 904 
as a row selection switch are provided. The gate of the 
transfer switch 911 is connected to a line which is 
driven by a signal OTX(n, n+1) by a vertical scanning 

20 circuit 910, the gate of the reset switch 902 is 

connected to a line which is driven by a signal 4>RES(n, 
n+1) by the vertical scanning circuit 910, and the gate 
of the row selection switch 904 is connected to a line 
which is driven by a signal OSEL(n, n+1) by the vertical 

25 scanning circuit 910. 
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Photoelectric conversion is performed in each 
photodiode 901, and while generating the photo-charge, 
the transfer switch 911 is in the OFF state and the 
photo-charge is not transferred to the gate of the 
5 amplifier 903. The gate of the MOS transistor 903 is 

initialized to a predetermined voltage by turning on the 
reset switch 902 before the photo-charge is transferred. 
The predetermined voltage is a dark level. Thereafter or 
at the same time, the row selection switch 904 is turned 

10 on, and the source follower, configured with a constant 
current source 905 and the amplifier (MOS transistor) 
903, starts operating. After or at the same time the row 
selection switch 904 is turned on, the transfer switch 
911 is turned on, thereby the charge generated by the 

15 photodiode 901 is transferred to the gate of the 
amplifier 903. 

Accordingly, outputs of the selected row are 
transferred to vertical output lines 906. The outputs 
are then stored in a signal storage unit 907 via MOS 

20 transistors 909a and 909b which work as transfer gates. 
The outputs, temporarily stored in the signal storage 
unit 907, are sequentially outputted as V 0 under control 
of a horizontal scanning circuit 908 . 

Fig. 4 is a timing chart for operating the CMOS 

25 area sensor shown in Fig. 3. During a period Tl, signals 
OTX(n) and OTX(n+l) become active, and charges generated 
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by the photodiodes 901 of all the pixels are transferred 
to the gates of the MOS transistors 903 via the transfer 
switches 911, thereby the photodiodes 901 are reset. In 
this state, a part of the charges in the cathodes of the 
5 photodiodes 901 are transferred to the gates of the MOS 
transistors 903 and the voltages of the cathodes and the 
gates become the same level . By using the capacitor CFD 
913 of a large capacitance connected to the gate of the 
MOS transistor 903, potential of the MOS transistor 903 
10 becomes the same level as that of the cathode of the 
photodiode 901 when it is reset. 

During the period Tl , a mechanical shutter (not 
shown) is open for letting in light from an object,- 
therefore, right after the period Tl is over, a charging 
15 process starts in every pixel simultaneously. The 

mechanical shutter is kept open during a period T3 , and 
this period is a charging period of the photodiodes 901. 

After the period T3 is over, the mechanical shutter 
closes at time T4, thereby the charging process of the 
20 photodiodes 901 completes. In this state, photo-charges 
are stored in the photodiodes 901. Next, the stored 
photo-charges start being read by row. 

First, during a period T5, the signal OSEL(n) 
becomes active, thereby the row selection switches 904 
25 in the n-th row are turned on. In this state, the source 
followers, each of which includes the MOS transistor 903 
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of the pixel in the n-th row, become active. Then, the 
signal 4>RES(n) becomes active in a period T2 , and the 
reset switches 902 in the n-th row are turned on, 
thereby the gates of the MOS transistors 903 are 
initialized. Accordingly, signals of dark level are 
outputted to the vertical output lines 906. 

Next, the signal OTO(n) becomes active, and the 
transfer gates 909b are turned on, and the signals of 
dark level are stored in the signal storage unit 907. 
The aforesaid operation is simultaneously performed for 
all the pixels in the n-th row. When finishing 
transferring the signals of dark level to the signal 
storage unit 907, the signal OTX(n) becomes active, and 
the transfer switches 911 in the n-th row are turned on. 
Accordingly, the photo-charges stored in the photodiodes 
901 in the n-th row are transferred to the gates of the 
MOS transistors 903. At this time, potential at the gate 
of each MOS transistor 903 changes from the dark level, 
or the reset level, by an amount of the transferred 
charge, and a signal of a level corresponding to the 
changed potential is outputted to the vertical output 
line 906. 

Then, the signal OTS becomes active, the transfer 
gates 909a are turned on, and the signals on the 
vertical output lines 906 (the levels of these signals 
are referred to as "signal level" hereinafter) are 
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stored in the signal storage unit 907. This operation is 
simultaneously performed for all the pixels in the n-th 
row. In this state, the signal storage unit 907 stores 
the dark levels and the signal levels of all the pixels 
5 in the n-th row, thus, by taking the difference between 
the dark level and the signal level of each pixel, fixed 
pattern noise caused by variation in threshold voltage 
Vth between the MOS transistors 903 and thermal noise 
(KTC noise) generated when resetting the MOS transistors 

10 903 by the reset switches 902 are canceled. Accordingly, 
it is possible to obtain high S/N signals from which 
noise components are reduced. 

Then, the difference signals, stored in the signal 
storage unit 907, between the dark levels and the signal 

15 levels are read out horizontally under control of the 
horizontal scanning circuit 908 during the period T7 
time-serially. Thus, the output operation of the signals 
in the n-th row is completed. 

Similarly, by driving signals <DSEL(n+l), ORES(n+l), 

20 4>TX(n+l), <E>TX(n+l), OTN, and C»TS in the same manner as 
those for the n-th row, signals in the (n+1) -th row are 
read out. 

In the above conventional example, since the 
differences between the dark- levels and the signal 
25 levels are outputted, a high S/N ratio is realized, 

thereby high-quality image signals are obtained. Further, 
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the solid state image sensing elements of the above 
configuration are formed in processes of forming CMOS 
transistors, therefore, it is possible to integrate the 
image sensing elements and the peripheral circuits on 
one chip. Accordingly, manufacturing cost is reduced and 
high performance is realized. 

However, although the noise components are reduced, 
if the dynamic range of an element for reading photo- 
charge is narrow, the S/N ratio can not be further 
improved . 

As for an input dynamic range of the element for 
reading photo-charge, from a graph shown in Fig. 5, the 
maximum input level, V G (FD) max , is, 



where V G (RES) is the potential at the gate of the reset 
switch 902, and V th (RES) is the threshold voltage of the 
reset switch 902. Thus, the maximum input level V G (FD) m 
is the difference between the signal level <1>RES (n) , 
applied to the gate of the reset switch 902, and the 
threshold voltage between the gate and source of the 
reset switch 902. Further, the minimum input level, 



V G (FD) 



max 



= V G (RES) - V th (RES) 



. . . (3) 



V G (FD) 



min ' 



is, 



V G (FD) 



min 



= V G (TX) - V^(TX) 



. . . (4) 
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where V G (TX) is the potential at the gate of the transfer 
switch 911, and V^fTX) is the threshold voltage of the 
transfer switch 911. Thus, the minimum input level 
V G< FD >min is tne difference between the signal level 
OTX(n), applied at the gate of the reset switch 911, and 
a threshold voltage between the gate and source of the 
transfer switch 911. 

Accordingly, the input dynamic range, Dy, is, 

Dy = V G (FD)_ - VJFD)^ 

- V G (RES) - V G (TX) + V^CTX) - V th (RES) ...(5) 

In equation (5) of the input dynamic range Dy, V th (TX) 
15 and V th (RES) of the MOS transistors differ, one from the 
other, since there are variations in the manufactured 
MOS transistors. This makes the input dynamic range Dy 
unstable. 

The photoelectric conversion device will be applied 
20 to devices which require a higher resolution (more 

pixels) and lower energy consumption (lower voltage) , 
such as a digital still camera and a video camcorder, in 
the future. However, the conventional circuit can not 
meet the aforesaid demands of high resolution (more 
25 pixels) , which causes an increase in driving load, and 



5 



10 
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of low energy consumption (lower voltage) , which causes 
deterioration of dynamic range. 

SUMMARY OF THE INVENTION 

5 

The present invention has been made in 
consideration of the above situation, and has as its 
object to provide a photoelectric conversion device 
having good input-output linearity. 

10 According to the present invention, the foregoing 

object is attained by providing a photoelectric 
conversion device having a plurality of pixel cells each 
of which includes a photoelectric conversion element, a 
field effect transistor having the gate area for storing 

15 signal charge generated by the photoelectric conversion 
element and the source-drain path for outputting a 
signal corresponding to the signal charge stored in the 
gate, a first power supply line for supplying electric 
power to the field effect transistor, and a first switch 

20 connected between the field effect transistor and the 

first power supply line, the device is characterized in 
that, when a reset voltage for resetting the gate of the 
field effect transistor is V sig0 , a threshold voltage of 
the field effect transistor is V^, current flowing 

25 through the field effect transistor is I a , a voltage 
applied via the first power supply line is V., and a 
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series resistance of the first switch is R m( each pixel 
cell satisfies a condition determined by V . - R x I > 

01 on a 

v sig0 - v^. 

It is another object of the present invention to 
5 provide a photoelectric conversion device capable of 
realizing good input-output linearity as well as 
widening dynamic range. 

According to the present invention, the foregoing 
object is attained by providing the above photoelectric 

10 conversion device in which each of the pixel cells 

further comprises a second switch for resetting the gate 
area of the field effect transistor, and the first 
switch and the second switch are field effect 
transistors having different threshold voltages from 

15 each other. 

According to the present invention, the foregoing 
object is also attained by providing a photoelectric 
conversion device having a plurality of pixel cells each 
of which includes a photoelectric conversion element, a 

20 first switch for transferring charge generated by the 
photoelectric conversion element, a field effect 
transistor, having the gate area for receiving the 
transferred charge, for output ting a signal 
corresponding to the charge stored in the gate area, and 

25 a second switch for resetting the gate area of the field 
effect transistor, the device is characterized in that 
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threshold voltages of the first switch and the second 
are made different from a threshold voltage of the field 
effect transistor. 

Further, it is another object of the present 
5 invention to reduce a variation in dynamic range in 
addition to the foregoing objects. 

According to the present invention, the foregoing 
object is attained by providing the aforesaid 
photoelectric conversion device in which the threshold 

10 voltage of the field effect transistor for outputting a 
signal is made different from the threshold voltages of 
the first switch and the second switch by doping all the 
channel regions of the field effect transistor for 
outputting a signal, the first switch, and the second 

15 switch with dopant of a predetermined impurity 

concentration, first, then further doping a channel 
region of the field effect transistor for outputting a 
signal . 

Other features and advantages of the present 
20 invention will be apparent from the following 

description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures thereof. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles of 
5 the invention. 

Fig. 1 is a circuit diagram illustrating a brief 
configuration of a conventional photoelectric conversion 
device; 

Fig. 2 is a circuit diagram illustrating a 
10 photoelectric conversion element and its peripheral 
circuit corresponding to a single pixel of the 
conventional photoelectric conversion device shown in 
Fig. 1; 

Fig. 3 is a circuit diagram illustrating a brief 
15 configuration of another conventional photoelectric 
conversion device; 

Fig. 4 is a timing chart for operating the 
photoelectric conversion device shown in Fig. 3; 

Fig. 5 is a graph for explaining dynamic range; 
20 Fig. 6 is a circuit diagram showing one 

photoelectric conversion element and its peripheral 
circuit corresponding to a single pixel according to a 
first embodiment of the present invention; 

Fig. 7 is a cross-sectional view showing 
25 configurations of transistors according to a second 
embodiment of the present invention; 
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Fig. 8 is a cross-sectional view showing 
configurations of transistors according to the second 
embodiment of the present invention; 

Fig. 9 is a cross-sectional view showing 
5 configurations of transistors according to the second 
embodiment of the present invention; 

Fig. 10 is a cross-sectional view showing 
configurations of transistors according to the second 
embodiment of the present invention; 
10 Fig. 11 is a cross-sectional view showing 

configurations of transistors according to the second 
embodiment of the present invention; 

Fig. 12 is a cross-sectional perspective view 
showing configurations of transistors according to the 
15 second embodiment of the present invention; 

Fig. 13 is a circuit diagram showing one 
photoelectric conversion element and its peripheral 
circuit corresponding to a single pixel according to a 
fifth embodiment of the present invention; 
20 Fig. 14 is a circuit diagram showing one 

photoelectric conversion element and its peripheral 
circuit corresponding to a single pixel according to a 
seventh embodiment of the present invention; 

Fig. 15 is a circuit diagram showing one 
25 photoelectric conversion element and its peripheral 
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circuit corresponding to a single pixel according to an 
eighth embodiment of the present invention; 

Fig. 16 is a graph showing input-output linearity ; 
Fig. 17 is a cross-sectional view showing 
5 configurations of transistors according to a ninth 
embodiment of the present invention; 

Fig. 18 is a circuit diagram illustrating a 
configuration of a photoelectric conversion device 
according to a tenth embodiment; 
10 Fig. 19 is a plan view showing a single pixel of 

the photoelectric conversion device shown in Fig. 3 
according to an eleventh embodiment; and 

Fig. 20 is a plan view showing a specific 
configuration of the single pixel of the photoelectric 
15 conversion device shown in Fig. 19 according to the 
eleventh embodiment . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Preferred embodiments of the present invention will 

be described in detail in accordance with the 

accompanying drawings . 

The overall configuration of a photoelectric 

conversion device according to first to eighth 
25 embodiments of the present invention is the same as 

shown in Fig. 1. However, characteristics of the MOS 
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transistors 3 and 14 of the present invention are 
different from those of conventional ones. Therefore, 
the MOS transistors, corresponding to the conventional 
MOS transistors 2, 3 and 14, are referred to by 102, 103 
5 and 114, respectively, in the present invention. 

<First Embodiment> 

Fig. 6 is a circuit diagram showing one 
photoelectric conversion element 1 and its peripheral 

10 circuit corresponding to a single pixel according to the 
first embodiment of the present invention. In Fig. 6, 
the MOS transistor 103 which acts as a row selection 
switch is a field effect transistor (FET) . Let the gate 
voltage of the reset switch 114 when it is on be V2, the 

15 gate voltage of the row selection switch 103 when it is 
on be V3, the drain voltage of the MOS transistor 102 be 
VI, a threshold voltage of the reset switch 114 be V ^, a 

tnO * 

threshold voltage of the row selection switch 103 be 
Vthl, and a threshold voltage of the MOS transistor 102 
20 be V th2 . Note, the source follower is formed with the MOS 
transistors 102 and 103 and the constant current source 
7. 

As explained in the "Background of the Invention", 
when the source follower operates in the linear 
25 operation region, the condition of the MOS transistors 
103 and 102 to operate in the saturation region, 



-20- 



ds 



> v. 



- v, 



. . . (1) 



is satisfied. The conventional source follower does not 
always operate in the region where the above equation 

(1) holds. Therefore, in the present invention, the 
photoelectric conversion device is designed so that a 
MOS transistor of the source follower always satisfies 
the equation (1) . In the first embodiment, a condition 
of designing the source follower so as to satisfy the 
equation (1) is explained. 

Referring to Fig. 6 in the first embodiment, when 
the source voltage of the MOS transistor 102 is 
considered as a reference voltage, V^ in the equation 

(1) is VI, V gs is the gate voltage of the MOS transistor 
102, and is V.^2 . when an ON- state impedance of the 
MOS transistor 103 is expressed by R^, then, VI is 
expressed as, 



By plugging the equation (6) into the equation (1) , it 
becomes , 



VI = V 



cl 



- R n „ X T 
on a 



. . . (6) 



V cl " Ron >< la > V gs - V, 



th2 



- . • (7) 
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In the photoelectric conversion device of the 
present invention, the gate of the MOS transistor 102 is 
initially charged to a reset voltage, V sig0 , and the 
voltage drops in response to electrons generated by the 
photoelectric conversion element 1 in correspondence 
with the amount of light. Therefore, in order for the 
source follower to always operate in the linear 
operation region, the MOS transistors 102, 103 and 114 
are to be designed to operate in the saturation region 
when the reset voltage V sig0 is applied to the gate of the 
MOS transistor 102, namely, when V = V. „. 

"* gs srgO 

Note, when relationship between an input signal 
(gate voltage of the MOS transistor 102) and output 
signal V out (output signal of the source follower) is 
expressed by 

V out = A X V ir / . .. (8) 

where A is a gain and y is a parameter value, input- 
output linearity of the source follower is defined by 
how much the value of y deviates from 1. 

Fig. 16 is a graph showing improvement of the 
input-output linearity according to the present 
invention as described in the first to eighth 
embodiments. In Fig. 16, the abscissa shows an ON-state 
impedance of the row selection switch 103, and the 
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ordinate shows y value. As shown in Fig. 16, it is known 
that the input-output linearity of the source follower 
is secured in the region where the equation (7) holds. 

In the first embodiment, in a case where the reset 
switch 114 operates in the saturation region, the reset 
voltage V sig0 is expressed by the following equation (9), 

V sig0 = V2 - Vth0 ... (9 ) 

Next, since the ON-state impedance R on of the row 
selection switch 103 changes depending upon its 
threshold voltage V thl , the left-hand side of the equation 
(7) is expressed using . Considering that current 
flowing through the row selection switch 103 is the same 
as the current flowing through the source follower, the 
following equation is obtained. 

I a = K(V3 - VI - V^) 2 ...(10) 
where K = 1/2 X fi x X W/L 
Ji: Mobility 

C^: Capacitance of gate oxide per unit 

area 
W: Gate width 
L: Gate length 
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In the first embodiment, gradual channel 
approximation is used. By solving the equation (10) for 
VI, then, 



5 VI = V3 - - (I a /K) 1/2 -..(11) 

By plugging the equations (9) and (11) into the 
equation (1) , then a condition for the source follower 
to operate in the linear operation region, when the 
10 reset voltage V sig0 is applied to the gate of the MOS 
transistor 102, is obtained. Namely, 

V3 - V thl - (1,/K) 1 ' 2 > V2 - Vth0 - Vth2 . . . (12) 

15 Thus, the photoelectric conversion device is to be 
designed so as to satisfy the equation (12) . 

In the first embodiment, a case where the MOS 
transistors 102, 103 and 114 have an identical threshold 
voltage, when potentials of sources and wells are the 

20 same , is explained . 

When all of the MOS transistors 102, 103 and 114 
have the same threshold voltage, when potentials of 
sources and wells are the same, and the gate voltages V2 
and V3 are the same voltage of a power supply (i.e., V2 

25 = V3 = v cl ) , the threshold voltage V^ of the reset 
switch 114 and the threshold voltage V^ of the row 
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selection switch 103, when the reset voltage V sig0 is 
applied to the gate of the MOS transistor 102, are the 
same. Accordingly, the equation (12) is simplified to, 



5 (I a /K) 1/2 < Vth2 ...(13) 

In this case, the maximum current which may flow though 
the source follower is limited by the threshold voltage 
v th2 of tne MOS transistor 102, as seen from the equation 
10 (13). 

The aforesaid explanation will be described more 
specifically using model values. Referring to Fig. 6, 5V 
is applied to the power supply terminal (V cl = 5V) , and 
5V is also applied to the gates of the reset switch 114 

15 and the row selection switch 103 (V2 = V3 = 5V) , for 

instance. Further, when the thickness of gate oxide of 
each MOS transistor is about 15nm, impurity 
concentration of well is 4 x 10 16 particles/cm 3 , the 
threshold voltage, in a case where the potentials of the 

20 source and the well are the same, is 0.6V, considering 

an increase in threshold voltage due to backgate effect, 
the threshold voltages 0.6V of the reset switch 114 and 
the row selection switch 103 increase to 1.4V (= V^, 
V,^) . Under these conditions, the reset voltage V sig0 

25 determined by the characteristics of the reset switch 
114 is obtained from the equation (9) , and 
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V sig0 = 5-1. 4 = 3. 6 [V] ... (14) 

Next, according to the equation (11), the drain 
5 voltage VI of the MOS transistor 102 is, 

VI = 5 - 1.4 - (I a /K) 1/2 = 3.6 - (I a /K) 1/2 ...(15) 

Further, when the gate voltage V sig0 is 3.6V, the 
10 threshold voltage V th2 of the MOS transistor 102 is 

V^ = 1.24 [V] ... (16) 

By plugging the equations (15) and (16) into the 
15 equation (1), then, 

(I a /K) 1/2 < 1.24 . . . (17) 

is obtained. This result coincides with the equation 
20 (13) , and it is known that the current I a which may flow 
through the source follower is limited to an amount 
which satisfies the equation (13) . Further, when 
H = 400 [cm 2 /S- V] 
Cox = 2.3 x 10" 7 [F/cm 2 ] 
25 W = 1 [urn] 

L = 1 [fim] 
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of a MOS transistor, then, 
K = 4.6 X 10" 5 [A] 

and 

I a = 7.5 X 10 -5 [A] 
Therefore, when the MOS transistors having the aforesaid 
specification and characteristics are used, by setting 
the current I a generated by the constant current source 7 
to 7.5 x 10" 5 A, the source follower always operates in 
the linear operation region. 

According to the first embodiment as described 
above, by designing the source follower so that each MOS 
transistor satisfies the equation (1), it is possible to 
configure a photoelectric conversion device of good 
input -output linearity by using the source follower 
which always operates in the linear operation region. 

< Second Embodiment > 

In the second embodiment, a case where the MOS 
transistor 103 has a different threshold voltage from 
that of transistors 102 and 114 is explained. 

As described in the first embodiment, when the MOS 
transistors 102, 103 and 104 have an identical threshold 
voltage, the current allowed to flow through the source 
follower is limited to a very low value. Therefore, when 
a higher resolution is demanded and a load that the 
source follower needs to drive increases, the 
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configuration explained in the first embodiment can not 
meet the demand . 

However, by setting the threshold voltage of the 
row selection switch 103 lower than those of the MOS 
transistors 102 and 114, it is possible to satisfy 
equation (12), or equation (1), while increasing the 
current I a . When the voltages V2 and V3 applied to the 
gates of the reset switch 114 and the row selection 
switch 103 are the same (V2 = V3 ) , similarly to the 
first embodiment, by solving the equation (12) for 
(Ia/K) 1/2 , then the condition 

(I a /K) 1/2 < Vth0 -f V th2 - V thl . . . (18) 

is obtained. Since V th0 > Vthl and V th2 > Vthl , V^ 0 + Vfch2 - 
V thl is larger than of the equation (13), i.e., + 

v th2 - v thi > V^. Therefore, it is possible to set the 
current I a expressed by the equation (18) to a larger 
value than that expressed by the equation (13). 

Note, the threshold voltages of the MOS transistors 
114, 103 and 102 (V^, V^, V^) may be arbitrarily 
determined in accordance with the utilization purpose. 

Several ways for changing the threshold voltage of 
a MOS transistor are explained below. 

(1) Forming Doped Layer in Channel Region 
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Referring to Fig. 7, reference numeral 401 denotes 
a semiconductor substrate, and in Fig. 7, it is a p type 
semiconductor. Further, reference 402 denotes gate 
electrodes formed on the semiconductor substrate 401 
5 separated by gate oxide 405, and made of, e.g., 

polysilicon, polycide, and a laminated film thereof. 
Reference numeral 403 denotes source electrodes and 
drain electrodes of the opposite conductive type to the 
semiconductor substrate 401, formed by, e.g., ion 
10 implantation in the semiconductor substrate 401. The 

foregoing components configure field effect transistors 
(FET) . 

Then, by forming a doped layer 404 in the channel 
region of a desired transistor, it is possible to easily 

15 make a transistor having a threshold voltage different 
from other transistors. For instance, in Fig. 7, by 
doping n type ion to form the doped layer 404, it is 
possible to decrease the threshold voltage comparing to 
the one which does not have a doped layer. In contrast, 

20 by doping p type ion, it is possible to increase the 

threshold voltage. A change in threshold voltage can be 
precisely determined by controlling impurity 
concentration and depth of the doped layer 404. 

Note, in this configuration, a doped layer is 

25 formed in one transistor. However, the present invention 
is not limited to this, and doped layers having 
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different impurity concentrations, set to optimal 
conditions, may be formed in more than one transistors. 

(2) Forming Well Region 

As another method for changing a threshold voltage, 
5 there is a method of configuring a transistor as shown 
in Fig. 8. Note, in Fig. 8, the same portions as those 
shown in Fig. 7 are referred to by the same reference 
numerals, and explanation of them are omitted. 

In Fig. 8, reference numeral 501 denotes a well 

10 formed in a region where a desired transistor is formed. 
In Fig. 8, the impurity concentration of the p type well 
501 is different from the impurity concentration of the 
semiconductor substrate 401 of the same p type. Thus, by 
forming the well 501 having a different impurity 

15 concentration from that of the semiconductor substrate 
401, it is possible to easily control the threshold 
voltage of the desired transistor. Note, in Fig. 8, a 
case where a p type well is formed in a p type substrate, 
however, the present invention is not limited to this, 

20 and it is possible to form a plurality of p type wells 
having different impurity concentrations, controlled so 
as to obtain desired threshold voltages, in an n type 
substrate . 

(3) Controlling Thickness of Dielectric Film at 

25 Gate 
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As another method for changing a threshold voltage, 
there is a method of configuring a transistor as shown 
in Fig. 9. Note, in Fig. 9, the same portions as those 
shown in Fig. 7 are referred to by the same reference 
numerals, and explanation of them are omitted. 

Reference numerals 601 and 602 denotes are 
dielectric films under gate electrodes of respective 
FETs. The dielectric films are called "gate dielectric 
film" hereinafter. By different thickness of gate 
dielectric film, provided between the gate electrode 402 
of a desired transistor, and the semiconductor substrate 
401 from the thickness of gate dielectric film of other 
transistor, it is possible to form the transistor having 
a different threshold voltage from that of the other 
transistor . 

Further, the same effect is obtained by using 
different materials, having different dielectric 
constants, as the gate dielectric films in different 
transistors. For example, silicon oxide may be used in 
one transistor and silicon nitride may be used in 
another transistor. In this way, it is possible to form 
a transistor having a different threshold voltage from 
that of the other transistor. 

(4) Controlling Substrate Bias Voltage 
As another method for changing the threshold 
voltage, there is a method of configuring a transistor 
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as shown in Fig. 10. Note, in Fig. 10, the same portions 
as those shown in Fig. 7 are referred to by the same 
reference numerals, and explanation of them are omitted. 
Here, each FET is formed in each well 501 whose 
5 conductive type is opposite to that of the source and 

drain. The well 501, where a transistor whose threshold 
voltage is desired to be changed is formed, is separated 
at a distance from other wells for other transistors. 
The wells 501 in Fig. 10 are connected to different 

10 power supplies 701 and 702. In this configuration, by 
different voltages of the power supplies 701 and 702 
from each other, it is possible to make the threshold 
voltage of a desired transistor differing from that of 
the other transistor due to so-called back-gate effect 

15 in a FET. 

With the aforesaid configuration, it is possible to 
change a threshold voltage by changing a voltage of a 
power supply after semiconductor process; therefore, the 
threshold is controlled more precisely. Further, feed 

20 back is swiftly performed to make the threshold voltage 
in the optimal condition. Further, conditions for 
forming the wells may be designed identical for all the 
transistors, semiconductor manufacturing process for 
forming the transistors may be simplified. 

25 (5) Controlling Length of Gate Electrode 
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Fig. 11 shows another method for changing the 
threshold voltage of a transistor. Note, in Fig. 11, the 
same portions as those shown in Fig. 7 are referred to 
by the same reference numerals, and explanation of them 
are omitted. 

Referring to Fig. 11, the lengths of gate 
electrodes 801 and 802 of transistors are varied. In an 
insulated-gate FET, a phenomena that, when the gate 
length is less than 3-4 urn, the threshold voltage drops 
due to a fringe electric field effect at the source edge 
and the drain edge of a channel is known. This is called 
a short channel effect. 

The configuration shown in Fig. 11 utilizes the 
short channel effect, and by differing the gate length 
of a desired transistor from that of the other 
transistor, it is possible to realize different 
threshold voltages . 

According to the foregoing configuration, 
transistors of single type are to be formed in a 
semiconductor manufacturing process; therefore, the 
transistors are manufactured at low cost. Further, it is 
unnecessary to provide extra power supply terminals as 
the configuration shown in Fig. 10, a control circuit is 
simplified. 

(6) Controlling Width of Gate Electrode 
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Fig. 12 shows another method for changing the 
threshold voltage of a transistor. Note, in Fig. 12, the 
same portions as those shown in Fig. 7 are referred to 
by the same reference numerals, and explanation of them 
are omitted. 

Referring to Fig. 12, the widths of gate electrodes 
803 and 804 of transistors are varied. In an insulated- 
gate FET, a thick dielectric film is generally provided 
between adjacent elements for isolating each other, and 
the impurity concentration of the substrate under the 
elements is designed high so that inversion does not 
occur easily. Thus, when the ratio of element separation 
region to the width of the gate electrode is not 
ignorable, the threshold voltage increases. This 
phenomenon is known as a narrow channel effect. The 
configuration shown in Fig. 12 utilizes this phenomenon, 
and, by differing the width of the gate electrode of a 
desired transistor from that of the other transistor, it 
is possible to realize different threshold voltages. 

With the above configuration, transistors of single 
type are to be formed in a semiconductor manufacturing 
process; therefore, the transistors are manufactured at 
low cost. Further, as it is unnecessary to provide extra 
power supply terminals as the configuration shown in Fig. 
10, a control circuit is simplified. 
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According to the second embodiment as described 
above, in addition to the same effect as that of the 
first embodiment, it is possible to increase current 
allowed to flow through the source follower of the 
5 photoelectric conversion device without narrowing 
dynamic range. 

In the second embodiment, n type FET are explained 
as an example, however, p type FET may be used, instead 
of the n type FET, by controlling their threshold 

10 voltages in the similar manner. 

Further, for expressing the current I a flowing 
through the row selection switch 103, gradual channel 
approximation (equation (10)) is used in the above 
embodiments. This represents characteristics of an ideal 

15 transistor. If a practical transistor is not as ideal as 
a transistor represented by the equation (10) due to the 
size reduction, the effects of the present invention are 
preserved. The principle of the present invention is to 
control the ON-state impedance of a FET so as to satisfy 

20 the equation (7), and, as described in the second 
embodiment, it is very effective to design the row 
selection switch 103 and the reset switch 114 to have 
different threshold voltages. 

25 <Third Embodiment > 
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Next, the third embodiment of the present invention 
will be explained. In the third embodiment, the voltages 
V2 and V3 , applied to the gates of the reset switch 114 
and the row selection switch 103, are set to different 
5 values so as to satisfy the equation (12) . 

If the threshold voltages of the MOS transistors 
114, 103 and 102, when the reset voltage V sig0 is applied 
to the gate of the MOS transistor 102, are identical (V^ 
= V thl = V th2 = V^) , by solving the equation (12) for 
10 (Ia/K) 1/2 , 

(I a /K) 1/2 < -V2 + V3 + -..(19) 
is obtained. By setting V3 > V2 , the right hand side of 
the equation (19) is greater than V th2 in the equation 
(13), i.e., -V2 + V3 + > . Accordingly, it is 
15 possible to set the current I a in the equation (19) to a 
value greater than that in the equation (13). 

According to the third embodiment as described 
above, in addition to the same effect as that of the 
first embodiment, it is possible to increase current 
20 allowed to flow through the source follower of the 
photoelectric conversion device without narrowing 
dynamic range . 

Further, it is possible to change the threshold 
voltage by changing the voltage of a power supply after 
25 semiconductor manufacturing process; therefore, the 

threshold is controlled more precisely. Further, feed 
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back is swiftly performed to make the threshold voltage 
in the optimal condition. 

Note, in the third embodiment, it is also possible 
to design the row selection switch 103 to have a 
different threshold voltage from the MOS transistor 102 
and the reset switch 114, as described in the second 
embodiment . 

<Fourth embodiment> 

As the fourth embodiment, a case where the reset 
switch 114 operates in the saturation region, and the 
row selection switch 103 operates in the linear region 
is explained. In this case, considering that the current 
flowing through the row selection switch 103 is the same 
as that flowing through the source follower, the 
following equation (21) is obtained with reference to 
Fig. 6. 

I. = K(V3 - VI - V^) 2 - K(V3 - V cl - V^) 2 . . . (20) 
where K = 1/2 X p. x Cox x W/L 
|X: Mobility 

Cox: Capacitance of gate oxide per unit 

area 
W: Gate width 
L: Gate length 
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By solving the equation (20) for VI, then 
VI = V3 - V thl - (I a /K + (V3 - V cl - V thl )V 2 ...(21) 
is obtained. 

By plugging the equation (21) and the equation (9), 
shown in the first embodiment, into the equation (1), 
the condition for the source follower to operate in the 
linear operation region when the reset voltage V sig0 is 
applied to the gate of the MOS transistor 102 is 
expressed as follows. 

V3 - V thl - (I a /K + <V3 - V cl - V^) 2 ) 1 ' 2 

> ^2 - V th0 - V th2 ... (22) 

In the fourth embodiment, by controlling the threshold 
voltage of the reset switch 114 and the threshold 
voltage of the row selection switch 103 to satisfy the 
above equation (22) in the same manner as described in 
the second embodiment, it is possible to make the source 
follower to always operate in the linear operation 
region . 

Further, it is also possible to control the 
voltages V2 and V3 to be applied to the gates of the 
reset switch 114 and the row selection switch 103 in 
such a manner that described in the third embodiment 
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Furthermore, it is also possible to control the 
voltage of the power supply of the source follower. 



<Fifth embodiment > 
5 Fig. 13 is a circuit diagram showing one 

photoelectric conversion element 1 and its peripheral 
circuit corresponding to a single pixel according to the 
fifth embodiment of the present invention. Note, in Fig. 
13 , the same elements as those shown in Fig . 6 are 

10 referred to by the same reference numerals, and 
explanation of them are omitted. 

In Fig. 13, reference numeral 1001 denotes a power 
supply line that is exclusively provided for the reset 
switch 114 and different from the power supply line for 

15 the source follower. To the power supply line 1001, a 
voltage V c2 is applied. In the fifth embodiment, the 
reset switch 114 is designed to operate in the linear 
region (V c2 - V sig0 < V2 - V sig0 - Vth0 -> V c2 < V2 - V th0 ) , and 
the row selection switch 103 is designed to operate in 

20 the saturation region. In this case, the reset voltage 
V sig0 is expressed by the following equation. 

V sigo = V c2 ... (23) 

25 By plugging the equation (23) and the equation (11), 

shown in the first embodiment, into the equation (1) , 
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then a condition for the source follower to operate in 
the linear operation region when the reset voltage V . 

~ 7 sigO 

is applied to the gate of the MOS transistor 102 is 
expressed as follows. 

5 

V3 - - (I a /K) 1/2 > V c2 - Vfch2 

where V c2 < V2 - ... (24) 

Thus, by setting the voltage of the power supply for 
10 the reset switch 114 to a value different from the 

voltage V cl for the source follower, it is possible to 
make the source follower to always operate in the linear 
operation region. 

Note, in the fifth embodiment, it is also possible 
15 to design the MOS transistor 103 to have a different 

threshold voltage from those of the MOS transistors 102 
and 114, as described in the second embodiment. 

<Sixth Embodiment > 

20 Next, a case where both of the reset switch 114 and 

the row selection switch 103 shown in Fig. 13 are 
designed to operate in the linear region is explained in 
the sixth embodiment. By plugging the equation (23), 
shown in the fifth embodiment, and the equation (21), 

25 shown in the fourth embodiment, into the equation (1), a 
condition for the source follower to operate in the 
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linear operation region when the reset voltage V, 
applied to the gate of the MOS transistor 102 is 
expressed by the following equation. 



V3 - V thl - (I a /K + (V3 - V cl - V^) 2 ) 1 ' 2 



> v c2 - 



where (V c2 < V2 - V ch0 ) . . . (25) 



In the sixth embodiment, by controlling the threshold 
voltage of the reset switch 114 and the threshold 

voltage of the row selection switch 103 in the same 

manner as described in the second embodiment, it is 
possible to make the source follower to always operate 
in the linear operation region. 

Further, it is also possible to control the 
voltages V2 and V3 to be applied to the gates of the 
reset switch 114 and the row selection switch 103 in 
such a manner that described in the third embodiment . 

Furthermore, it is also possible to control of the 
power supply voltage V c2 for the reset switch 114 and the 
power supply voltage V cl for the source follower in such 
a manner that described in the fifth embodiment. 

< Seventh Embodiment > 

Fig. 14 is a circuit diagram showing one 
photoelectric conversion element 1 and its peripheral 
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circuit corresponding to a single pixel according to the 
seventh embodiment of the present invention. Note, in 
Fig. 14 , the same elements as those shown in Fig. 6 are 
referred to by the same reference numerals, and 
explanation of them are omitted. 

In Fig. 14, reference numeral 1101 is a first 
capacitor formed between the gate of the reset switch 
114 and the gate of the MOS transistor 102. As for the 
capacitor 1101, it may be intentionally formed, or 
paras tic capacitance may be utilized. Reference numeral 
1102 denotes a second capacitor formed between the gate 
of the MOS transistor 102 and ground. 

With the above configuration, the gate voltage of 
the MOS transistor 102 is reset to a voltage determined 
on the basis of potentials of the source, gate, drain, 
and well of the reset switch 114. Next, the reset switch 
114 is turned off by changing the gate voltage of the 
switch 114. At this point, the gate voltage of the MOS 
transistor 102 changes by an amount which depends upon 
the ratio of the first capacitance 1101 to the second 
capacitance 1102 due to the capacitive coupling between 
the gate line 15 of the reset switch 114 and the gate of 
the MOS transistor 102. For instance, when the reset 
switch 114 is an n-channel transistor, it is possible to 
change the potential at the gate of the MOS transistor 
102 to a potential lower than the initial reset voltage. 
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Let the changed amount be Av, and rewriting the equation 
(12) described in the first embodiment, then, 

V3 - - (I a /K) 1/2 > V2 - V th0 - AV - V th2 ...(26) 

5 

is obtained. As shown in the equation (26) , by 
controlling the value of the capacitance 1101 formed 
between the gate of the reset switch 114 and the gate of 
the MOS transistor 102, and the value of the capacitance 

10 1102 formed between the gate of the MOS transistor 102 
and the ground, it is possible to change the reset 
voltage so as to let a source follower operate linearly. 
In the above configuration, transistors of single type 
are to be formed in identical semiconductor process; 

15 therefore, the transistors are manufactured at low cost. 
Further, in addition to the same effect as that of the 
first embodiment, it becomes unnecessary to provide 
extra power supply terminals as described in a method of 
changing threshold voltage (4) in the second embodiment, 

20 by controlling substrate bias voltage. 

< Eighth Embodiment > 

Fig. 15 is a circuit diagram showing one 
photoelectric conversion element 1 and its peripheral 
25 circuit corresponding to a single pixel according to the 
eighth embodiment of the present invention. Note, in Fig. 
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15 , the same elements as those shown in Fig. 6 are 
referred to by the same reference numerals, and 
explanation of them are omitted. 

In Fig. 15, reference numeral 1201 denotes a charge 
5 transfer switch for performing complete depletion 
transfer of signal charge from the photoelectric 
conversion element 1 to the gate of the MOS transistor 
102. Reference numeral 702 denotes a transfer gate line 
for controlling the transfer switch 1201. Generally 

10 speaking, in order to increase a sensitivity of the 
photoelectric conversion device, the photoelectric 
conversion element 1 is designed to have large area to 
increase the amount of signal charge which can be stored. 
However, in response to the area, paras tic capacitance 

15 on the gate of the MOS transistor 102 increases; 

accordingly, conversion efficiency of converting photo- 
charge into a voltage deteriorates, which prevents the 
sensitivity from improving efficiently. To cope with 
this problem, by providing the transfer switch 1201, 

20 designing the capacitance of the gate of the MOS 

transistor 102 to be smaller than the capacitance of the 
photoelectric conversion element 1 (e.g., photodiode) , 
and performing the complete depletion transfer, photo- 
charge generated by large-sized photoelectric conversion 

25 element 1 is converted to a voltage a large voltage 

variation inversely proportional to the capacitance of 
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the gate of the MOS transistor 102, it is possible to 
improve the sensitivity. 

According to the eighth embodiment as described 
above, it is also possible to achieve the same effects 
5 as that of the first embodiment. 

<Ninth Embodiment > 

In the ninth embodiment, a photoelectric conversion 
device has a configuration shown in Fig. 3, and 
10 explanation of it is omitted. With this configuration, 
in order to widen the input dynamic range Dy, the value 
obtained by the following equation (5) (described in the 
"BACKGROUND OF THE INVENTION"), 

°y = Ys (FD) ^ - V G (FD) mta 

- V G (RES) - V G (TX) + V^CTX) - V th (RES) ...(5) 

should increase. For increasing the value Dy, namely, 
for widening the input dynamic range, the threshold 
voltage V th (RES) of the reset switch 902 should be set 
low. This is because, by setting the V^fRES) to a low 
value, the maximum input level V^FD)^, expressed by the 
equation (3), becomes high, and it is possible to make 
the most use of the linear operation region of the 
source follower. However, it is necessary to set the 
threshold voltage of the row selection switch 904 



20 



25 
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relatively high to secure stability of the switching 
characteristics of the row selection switch 904. 

Therefore, in the ninth embodiment, the threshold 
voltage V th (RES) of the reset switch 902 and the 
5 threshold voltage V^CTX) of the transfer switch 911 are 
set lower than the threshold voltages of the row 
selection switch 904 and the MOS transistor 903 . 

As for a method of realizing different threshold 
voltages, the various methods explained in the second 
10 embodiment may be applied. 

However, in a method of forming the doped layer in 
channel regions, namely, the method (1), thresholds of 
the transfer switches 911 of different pixels vary from 
each other as well as thresholds of the reset switches 
15 902 of different pixels vary from each other due to 

manufacturing variation of transistors, in addition to 
intentionally formed difference between the threshold 
V Ul (TX) of the transfer switch 911 and the threshold 
V^CRES) of the reset switch 902. This causes a problem 
20 in which the input dynamic range Dy, expressed by the 

equation (5), varies between pixels. Below, a method of 
forming doped layers in channel regions to cope with the 
aforesaid problem is explained with reference to Fig. 17. 
Note, in Fig. 17, the same portions as those shown in 
25 Fig. 7 are referred to by the same reference numerals, 
and explanation of them are omitted. 
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( 1 ' ) Forming Doped Layer in Channel Region 
In Fig. 17, reference numerals 404 and 404' denote 
doped channel regions. By adjusting impurity 
concentrations of the doped layer 404 and 404' formed in 
5 the channel regions of respective transistors, it is 

possible to easily change the threshold voltage of each 
transistor. More specifically, doping is performed on a 
channel region of every transistor once to form the 
doped layer 404, and then, doping is further performed 

10 on a channel region of a desired transistor; thereby 
doped layers 404 and 404 ' , having different impurity 
concentrations, are formed. For instance, by doping n 
type ion to the doped layer 404 in the second doping 
process, the threshold voltage is lowered compared to 

15 transistors to which second doping is not processed. In 
contrast, by doping p type ion, it is possible to 
increase the threshold voltage. The amount of change in 
threshold voltage can be precisely determined by 
controlling the concentration of the doped layer 404* 

20 after the second doping is performed. 

Here, only the first doping is performed on the 
transfer switch 911 and the reset switch 902, while 
performing both the first and second doping on the MOS 
903 and the row selection switch 904. Since the 

25 thresholds of the transfer switch 911 and the reset 

switch 902 are determined in a single process, an amount 
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and direction of manufacturing variation of transistors 
become the same between the thresholds V th (TX) and 
V^fRES) of the transfer switch 911 and the reset switch 
902, thus the value of the V th (TX) - V^fRES) in the 
5 equation (5) is stabilized; as a result, the input 
dynamic range is stabilized. 

Further, since the impurity concentration of the 
channel regions of the transfer switch 911 and the reset 
switch 902 is lower than that of the MOS transistor 903 
10 and the row selection switch 904, the thresholds of the 
transfer switch 911 and the reset switch 902 become 
greater than those of the MOS transistor 903 and the row 
selection switch 904. Thus, the dynamic range is widened 

15 <Tenth Embodiment > 

In the tenth embodiment, a case where the row 
selection switch 904, shown in Fig. 3, is omitted is 
explained. Fig. 18 is a circuit diagram illustrating a 
configuration of a photoelectric conversion device 

20 according to the tenth embodiment. Note, in Fig. 18, the 
same elements as those shown in Fig. 3 are referred to 
by the same reference numerals, and explanation of them 
are omitted. 

Referring to Fig. 18, photo-charge stored in the 
25 photodiode 901 are provided to the gate of the MOS 

transistor 903 via the transfer switch 911, and as the 
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selection pulse OSEL becomes high, the MOS transistor 
903 is activated. Then, the charges are read out as the 
source follower is driven by the constant current source 
905, and a signal corresponding to the gate voltage of 
5 the MOS transistor 903 appears on the vertical output 

line 906. Thereafter, when the signal OTS becomes high, 
charges consequently corresponding to the photo-charge 
generated by the photodiode 901 are stored in the signal 
storage unit 907. 

10 Thereafter, before turning on the transfer switch 

911, the gate of the MOS transistor 903 is reset to a 
high level by making the signal ORES high. Right after 
the reset operation, by making the selection signal OSEL 
turned to high, the MOS transistor 9 03 is activated. In 

15 this case, a noise component is stored via the vertical 
output line 906 in the signal storage unit 907 by 
turning on the transfer gate 909b. 

According to the aforesaid photoelectric conversion 
device, since no row selection switch is used, the upper 

20 limitation for the MOS transistor 903 to operate in the 
saturation region is removed. Therefore, by setting the 
reset voltage high, it is possible to increase the 
linear operation range of the source follower. Further, 
since V G (RES) - V^fRES) = V G (SF) where V G (RES) is the 

25 gate voltage of the reset switch 902 and V G (SF) is a 

reset potential at the gate of the MOS transistor 903, 
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by lowering the threshold voltage V th (RES) of the reset 
switch 902, it is possible to increase the reset 
potential V G (SF) . 

Whereas, the threshold voltage V^fSF) of the MOS 
5 transistor 903 should not be set low for stabilizing its 
operation. Therefore, 

V^SF) > V^fRES) ... (27) 

10 should hold. 

It is possible to use various methods for changing 
threshold voltages described in the second embodiment 
and a method described in the ninth embodiment with 
reference to Fig. 17 to satisfy the equation (17) . 

15 Especially, in the method described in the ninth 

embodiment with reference to Fig. 17, since the impurity 
concentration in the channel region of the reset switch 
902 is lower than that of the MOS transistor 903, the 
threshold V th (SF) of the MOS transistor 903 is higher 
20 than the threshold V th (RES) of the reset switch 902, 

which satisfies the condition (27) . Accordingly, input 
dynamic range is widened as well as the manufacturing 
variation of transistors is reduced. 

25 <Eleventh Embodiment> 



-50- 



Next, the eleventh embodiment of the present 
invention is explained with reference to Fig. 19. Fig. 
19 is a plan view of a single pixel of the photoelectric 
conversion device shown in Fig. 3. The photoelectric 
5 conversion device shown in Fig. 19 includes a photodiode 
901, a transfer switch 911 for transferring photo-charge 
generated by the photodiode 901, a MOS transistor 903 
having a floating diffusion unit, a reset switch 902 for 
resetting the floating diffusion unit, a row selection 

10 switch 904 connected to the drain of the MOS transistor 
903. Further, a power supply line VDD and a vertical 
output line 906 are provided. 

To manufacture this configuration, in the first 
doping to channel region, performed on channel areas of 

15 all the MOS transistors, and before performing the 

second doping, the transfer switch 911 and the reset 
switch 902 are covered with photoregist as shown by a 
dotted line labeled with "photoregist in CD2 (second 
channel doping)", then ion implantation is performed. 

20 Further, by designing the gate lengths of the 

transfer switch 911 and the reset switch 902 to be short 
and designing the gate lengths of the MOS transistor 903 
and the row selection switch 904 to be long, and/or by 
designing the channel length of the row selection switch 

25 904 to be longer than the channel lengths of the reset 

switch 902 and the MOS transistor 903, it is possible to 
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increase the linear operation range of the photoelectric 
conversion device. 

Fig. 20 is a plan view showing an example of a 
specific arrangement of a pixel of the photoelectric 
conversion device shown in Fig. 19. Referring to Fig. 20, 
the channel length of the transfer switch 911 is 0.6|im, 
the channel length of the reset switch 902 for resetting 
the floating diffusion unit is 0.6|Jm, the channel length 
of the MOS transistor 903 is 1 . Oum, and the channel 
length of the selection switch 904 is l.Ojim. 

Accordingly, it is possible to widen the input 
dynamic range of the source follower as well as reduce 
the variation in dynamic range due to manufacturing 
variation of transistors. 

The photoelectric conversion devices according to 
ninth to eleventh embodiments can be manufactured 
together with shift resistors, which act as a scanning 
circuit, in a CMOS manufacturing process, although the 
devices use photodiodes; therefore, by improving the 
dynamic range and linearity of the photoelectric 
conversion devices, and reducing variation in dynamic 
range of the photoelectric conversion devices, it is 
possible to generally use the photoelectric conversion 
devices as so-called CMOS sensors. 

The present invention is not limited to the above 
embodiments and various changes and modifications can be 
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made within the spirit and scope of the present 
invention. Therefore to apprise the public of the scope 
of the present invention, the following claims are made. 
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